All relevant data are within the paper.

Introduction {#sec006}
============

Hypertension is the main risk factor for mortality and is responsible for 13% of all deaths worldwide \[[@pone.0155528.ref001]\]. Its prevalence varies widely worldwide; in Brazil, it is estimated that 24.0% of women (CI 95%: 23.7--24.4%) and 17.3% (17.0%--17.6%) of men have been diagnosed with hypertension \[[@pone.0155528.ref002]\]. Among the Brazilian indigenous population, it is estimated that 13.1% of women have high blood pressure \[[@pone.0155528.ref003]\].

One of the main risk factors for hypertension is obesity, which has increased dramatically on a global scale \[[@pone.0155528.ref004]\], even among the Brazilian indigenous population \[[@pone.0155528.ref003], [@pone.0155528.ref005], [@pone.0155528.ref006]\]. Abdominal fat in particular is strongly associated with cardiovascular and other chronic diseases and is a strong predictor of cardiovascular risk \[[@pone.0155528.ref007]\]. However, to the best of our knowledge, no previous studies have evaluated the association between obesity and hypertension in indigenous populations in Brazil.

Brazil has a great diversity of indigenous people (305) with large populations, represented by 817,000 indigenous individuals, corresponding to approximately 0.4% of the total population and occupying 12.5% of the Brazilian territory \[[@pone.0155528.ref008]\]. The State of Mato Grosso do Sul concentrates the second largest indigenous population in the country (73,295 individuals), and 15% of this population inhabits the indigenous reserve of Dourados \[[@pone.0155528.ref008]\]. The indigenous reserve of Dourados is composed of two villages that are primarily inhabited by ethnic group is Guarani and Terena. The area of the reserve accounts for 3539 hectares and its territorial limits are adjacent to urban areas of the municipality; thus, these indigenous groups are greatly affected by the non-indigenous population \[[@pone.0155528.ref009]\].

The Brazilian indigenous population is facing a rapid health transition, which involves the emergence of chronic diseases \[[@pone.0155528.ref003], [@pone.0155528.ref005], [@pone.0155528.ref006]\]. In this respect, a study conducted with Brazilian indigenous populations in early 1990s \[[@pone.0155528.ref010]\] indicated the absence of obesity and hypertension in this group, as opposed to results of recent studies conducted in different regions of the country \[[@pone.0155528.ref003], [@pone.0155528.ref011], [@pone.0155528.ref012]\].

The culture change process experienced by this population seems to increase risk factors for such diseases, considering that indigenous groups living in more isolated areas were less likely of developing obesity and hypertension compared with those living in less isolated areas \[[@pone.0155528.ref013]\].

Considering the increased prevalence of obesity and hypertension and the changes in the lifestyles of indigenous groups due to the proximity of villages to urban centres, assessing the prevalence of hypertension and associated factors is essential for the development of strategies to prevent cardiovascular diseases in these ethnic groups. Therefore, the aim of this study was to estimate the prevalence of hypertension among indigenous women living in the villages of Bororó and Jaguapirú in the municipality of Dourados, state of Mato Grosso do Sul, Brazil, and its association with total and abdominal adiposity after adjustment for confounding factors.

Material and Methods {#sec007}
====================

Study design and sample {#sec008}
-----------------------

This population-based cross-sectional study evaluated indigenous women aged 20--59 years. Pregnant women were excluded from the study.

Hypertension prevalence rates estimated at 17.5% for indigenous people in Midwestern Brazil \[[@pone.0155528.ref003]\] and 29.5% for indigenous people in the village of Jaguapirú \[[@pone.0155528.ref014]\] were considered reference values for the sample size calculation. Assuming a prevalence of 20% with accuracy of 5% and confidence interval (CI) of 95%, the required sample size was estimated at 236 individuals. The sample size was added of 20% for losses and refusals, totalling 283 individuals.

This study is part of the project entitled \"Health and nutritional profiles of indigenous people living in Dourados, state of Mato Grosso do Sul, Brazil". Approximately 500 households were visited and were selected by simple random sampling using SPSS software version 21 (SPSS, Chicago, Illinois, USA). Only 435 (87%) households were included because the others were disabled or uninhabited. All eligible women living in households were invited to participate. Twenty-four (6.6%) women refused to participate and in 26 households, residents were not found after three visits.

The casting of lots was performed from a list of households located on a map of villages \[[@pone.0155528.ref015]\]. To locate the selected households, a Global Positioning System (GPS) device was used (Garmin eTrex®, Kansas, USA).

The study was approved by the Ethics Research Committee of the Federal University of Grande Dourados (Comitê de Ética em Pesquisa da Universidade Federal da Grande Dourados) under protocol No. 009/2011 and by the National Committee for Ethics in Research (Comissão Nacional de Ética em Pesquisa) under protocol No. 653/2011. The leaders of the ethnic groups and the District Council of Indigenous Health of Dourados (Conselho Distrital de Saúde Indígena de Dourados) agreed with the study and authorised the entry on indigenous territories. Women who agreed to participate signed the informed consent form.

Data collection {#sec009}
---------------

Two standardised and pre-coded questionnaires prepared using data collected in the 1^st^ Brazilian Survey of Indigenous Health were used \[[@pone.0155528.ref003]\].

The household questionnaire inquired about the source of family income, the source of food products consumed, and number of durable goods for the assessment of the socioeconomic status (for a total of 19 items, including radio, refrigerator or freezer, Videocassete recorder \[VCR\] or DVD player \[Digital Versatile Disc\], gas cooker, washing machine, microwave oven, landline phone, mobile phone, computer, chainsaw, motorcycle/scooter, working animals, outboard engines, televisions, automobiles, air-conditioners, satellite dishes, bicycles, and cassava graters).

Socioeconomic status was evaluated using principal component analysis based on a correlation matrix of 18 durable goods (cassava grater was excluded from the analysis because it was absent in all households evaluated). This technique has been described by Coimbra Jr. et al. \[[@pone.0155528.ref003]\]. The resulting analysis score was classified into three categories divided according to tertiles (the 1^st^ tertile indicated the lowest socioeconomic status). The 1^st^ tertile varies from 0 to 2.53, the 2^nd^ from 2.54 to 3.99 and the 3^rd^ from 4.02 to 13.77.

The questionnaire collected data on demographic variables (residence in the villages of Bororó or Jaguapirú; age in years, 20--29, 30--39, 40--49, and \>50; education in years, no education, 1--4, 5--9 and \>10; socioeconomic status); lifestyle (alcohol use and smoking); and health parameters (weight, height, waist circumference \[WC\], family history of hypertension, blood pressure, and use of antihypertensive drugs). In addition, the source of food products consumed, including food baskets, crops, and livestock, was investigated.

Anthropometric data on weight and height were collected with individuals wearing light clothes and barefoot, according to recommendations of Lohman et al. \[[@pone.0155528.ref016]\]. Weight was measured using a 200 kg capacity portable digital scale with a non-slip rubber base (Marte®, model LC200PS). Height was measured using portable stadiometer with accuracy of 1 mm and field of use of 0.35--2.13 m (Alturexata®). Body mass index (BMI) was calculated by dividing weight in kilograms by the square of height in meters. The cut-off points for BMI classification were those proposed by the World Health Organization (WHO) \[[@pone.0155528.ref017]\].

WC was measured with a 2 m non-stretchable measuring tape with accuracy of 0.1 mm (Cescorf®) at the midpoint between the iliac crest and the lower costal margin \[[@pone.0155528.ref018]\]. The cut-off points for WC values considered for cardiovascular risk among women were 80.0--87.9 cm for high risk and ≥88 cm for very high risk \[[@pone.0155528.ref017]\].

Blood pressure was measured three times during home visits: two at the beginning and one at the end of the interview, with an interval of at least 5 minutes between the two last measurements. The first measurement was discarded. An adequately calibrated automatic digital wrist blood pressure monitor (Omron®, model HEM-631 INT) was used according to manufacturer\'s instructions. Blood pressure was measured with participants in the seated position, feet flat on the floor, and left arm relaxed (resting on the table or on the right arm) at heart height with the palm of the hand facing the chest. It was ensured that all participants had empty bladder, had not smoked, had not performed any physical activity, and had not consumed coffee or alcohol 30 minutes prior to evaluation. Participants were required to remain still and silent during measurements.

Hypertensive women included those who reported using antihypertensive medication and those with blood pressure levels indicative of hypertension (systolic blood pressure \[SBP\]≥140 mm Hg and/or diastolic blood pressure \[DBP\]≥90 mm Hg) \[[@pone.0155528.ref019]\], considering the average of two last measurements.

Interviewers were trained in workshops for the proper measurement of biometric data and completion of the questionnaire; whenever necessary, an indigenous translator, also trained, applied the questionnaires.

The standardised, pre-coded questionnaire was individually applied to all women living in the same household. In the absence of one or more household members in this age group, the interviewer would return up to three times to the same household before considering it a sample loss.

A pilot study was conducted in an indigenous village with ten women not selected in the sample to assess the questionnaire adequacy for the study objectives.

Statistical analysis {#sec010}
--------------------

Questionnaires were coded by interviewers and were reviewed and tabulated by the supervisor. The database was double entered in EpiData software version 3.1.

Data were analysed using STATA software version 13.0 (Stata Corporation, College Station, Texas, USA). Initially, variables were described using means and percentages and the chi-square test, Fisher\'s exact test, and chi-square test for linear trends. Subsequently, associations between BMI, WC, and hypertension were assessed according to the other variables. Poisson regression with robust variance was used to verify the presence of associations. In the multivariate analysis, all variables that showed associations with p\<0.20 using the Wald test were included in the model. Associations with p\<0.05 were considered significant.

Results {#sec011}
=======

Data were collected between June and October 2013. A total of 362 women aged 20--59 years were evaluated. Of these, 76.8% belonged to the Guarani ethnic group, and approximately 50% lived in the village of Bororó.

The mean age of the study population was 35.5 years (CI 95%: 34.4--36.6 years), and the predominant age groups were 20--29 (32.9%) and 30--39 years (33.4%). The smallest age group was 50--59 years (13.0%). The age distribution of participants was similar to that of the village population. Most respondents (82.0%) had low educational level, i.e., ≤4 years of schooling, and approximately 90.0% did not smoke or use alcohol (**[Table 1](#pone.0155528.t001){ref-type="table"}**).

10.1371/journal.pone.0155528.t001

###### Body mass index (BMI), waist circumference (WC), and hypertension of indigenous women living in Dourados, MS, Brazil, 2013.

![](pone.0155528.t001){#pone.0155528.t001g}

  Variables                   Total        BMI (≥25 kg/m^2^)   WC (≥80 cm)                                                                                    Hypertension                                                                                                               
  --------------------------- ------------ ------------------- ---------------------------------------------------------------------------------------------- -------------- ---------------------------------------------------------------------------------------------- ------------ ----------------------------------------------------------------------------------------------
  **Village**                                                  0.910[^a^](#t001fn001){ref-type="table-fn"}                                                                   0.255[^b^](#t001fn002){ref-type="table-fn"}                                                                 0.025 [^b^](#t001fn002){ref-type="table-fn"}
  Bororó                      174 (48.1)   128 (73.6)                                                                                                         149 (86.1)                                                                                                    84 (48.3)    
  Jaguapirú                   188 (51.9)   140 (74.5)                                                                                                         153 (81.4)                                                                                                    68 (36.2)    
  **Ethnic group**                                             1.000 [^b^](#t001fn002){ref-type="table-fn"}                                                                  0.018 [^b^](#t001fn002){ref-type="table-fn"}                                                                \<0.001 [^b^](#t001fn002){ref-type="table-fn"}
  Guarani                     278 (76.8)   206 (74.1)                                                                                                         239 (86.3)                                                                                                    132 (47.5)   
  Terena                      84 (23.2)    62 (73.8)                                                                                                          63 (75.0)                                                                                                     20 (23.8)    
  **Age (years)**                                              \<0.001 [^a^](#t001fn001){ref-type="table-fn"} 0.010[^c^](#t001fn003){ref-type="table-fn"}                    \<0.001 [^a^](#t001fn001){ref-type="table-fn"} \<0.001[^c^](#t001fn003){ref-type="table-fn"}                \<0.001 [^a^](#t001fn001){ref-type="table-fn"} \<0.001[^c^](#t001fn003){ref-type="table-fn"}
  20--29                      119 (32.9)   72 (60.5)                                                                                                          80 (67.2)                                                                                                     21 (17.6)    
  30--39                      121 (33.4)   99 (81.8)                                                                                                          109 (90.9)                                                                                                    42 (34.7)    
  40--49                      75 (20.7)    64 (85.3)                                                                                                          71 (94.7)                                                                                                     49 (65.3)    
  50--59                      47 (13.0)    33 (70.2)                                                                                                          42 (89.4)                                                                                                     40 (85.1)    
  **Education (years)**                                        0.166 [^a^](#t001fn001){ref-type="table-fn"} 0.980[^b^](#t001fn002){ref-type="table-fn"}                      \<0.001 [^a^](#t001fn001){ref-type="table-fn"} \<0.001[^b^](#t001fn002){ref-type="table-fn"}                \<0.001 [^a^](#t001fn001){ref-type="table-fn"} \<0.001[^b^](#t001fn002){ref-type="table-fn"}
  None                        54 (14.9)    40 (74.1)                                                                                                          49 (90.7)                                                                                                     46 (85.2)    
  1--4                        243 (67.1)   186 (76.5)                                                                                                         207 (85.6)                                                                                                    97 (39.9)    
  5--9                        50 (13.8)    34 (68.0)                                                                                                          39 (78.0)                                                                                                     8 (16.0)     
  \>10                        15 (4.1)     8 (53.3)                                                                                                           7 (46.7)                                                                                                      1 (6.7)      
  **Socioeconomic status**                                     0.342[^a^](#t001fn001){ref-type="table-fn"} 0.268[^c^](#t001fn003){ref-type="table-fn"}                       0.422[^a^](#t001fn001){ref-type="table-fn"} 0.353[^c^](#t001fn003){ref-type="table-fn"}                     \<0.001[^a^](#t001fn001){ref-type="table-fn"} \<0.001[^c^](#t001fn003){ref-type="table-fn"}
  1^st^ tertile               127 (35.1)   81 (69.3)                                                                                                          99 (84.6)                                                                                                     66 (56.4)    
  2^nd^ tertile               118 (32.6)   91 (77.1)                                                                                                          101 (86.3)                                                                                                    51 (43.2)    
  3^rd^ tertile               117 (32.3)   96 (75.6)                                                                                                          102 (80.3)                                                                                                    35 (27.5)    
  **Alcohol consumption**                                      0.852[^b^](#t001fn002){ref-type="table-fn"}                                                                   0.826[^b^](#t001fn002){ref-type="table-fn"}                                                                 0.402 [^a^](#t001fn001){ref-type="table-fn"}
  Yes                         41 (11.3)    30 (73.1)                                                                                                          34 (82.9)                                                                                                     20 (48.8)    
  No                          321 (88.7)   238 (74.1)                                                                                                         269 (83.8)                                                                                                    132 (41.1)   
  **Smoking**                                                  0.201[^b^](#t001fn002){ref-type="table-fn"}                                                                   0.828 [^a^](#t001fn001){ref-type="table-fn"}                                                                0.420[^b^](#t001fn002){ref-type="table-fn"}
  Yes                         44 (12.2)    29 (65.9)                                                                                                          38 (86.4)                                                                                                     21 (47.7)    
  No                          318 (87.8)   239 (75.2)                                                                                                         264 (83.3)                                                                                                    131 (41.2)   
  **BMI (kg/m**^**2**^**)**                                                                                                                                                  \<0.001 [^a^](#t001fn001){ref-type="table-fn"} \<0.001[^c^](#t001fn003){ref-type="table-fn"}                0.039 [^a^](#t001fn001){ref-type="table-fn"} 0.044[^c^](#t001fn003){ref-type="table-fn"}
  \<25                        94 (26.0)                                                                                                                       39 (41.9)                                                                                                     29 (30.9)    
  25--29.9                    149 (41.2)                                                                                                                      144 (96.6)                                                                                                    69 (46.3)    
  \>30                        119 (32.9)                                                                                                                      119 (100.0)                                                                                                   54 (45.4)    
  **WC (cm)**                                                  \<0.001 [^a^](#t001fn001){ref-type="table-fn"} \<0.001[^c^](#t001fn003){ref-type="table-fn"}                                                                                                                              \<0.001 [^a^](#t001fn001){ref-type="table-fn"} \<0.001[^c^](#t001fn003){ref-type="table-fn"}
  \<80                        59 (16.3)    5 (8.5)                                                                                                                                                                                                                          9 (15.3)     
  80--87                      86 (23.8)    57 (66.3)                                                                                                                                                                                                                        35 (40.7)    
  ≥88                         217 (59.9)   206 (94.9)                                                                                                                                                                                                                       107 (49.8)   

^a^ Chi-square test.rf

^b^Fisher's exact test.

^c^Chi-square test for linear trends.

Data are expressed as prevalence rates.

Most respondents were overweight (74.1%), represented by 41.2% overweight and 32.9% obese individuals ([Table 1](#pone.0155528.t001){ref-type="table"}). The mean BMI was 28.1 kg/m^2^ (95% CI: 27.6--28.6). The mean waist circumference (WC) was 90.9 cm (95% CI: 89.7--92.1); this variable exceeded the cut-off point of 80 cm in 83.7% of respondents.

The overall hypertension prevalence was 42.0% (95% CI: 37.0--47.2). More than half of women (60.5%) had family history of hypertension, and a small percentage of women (15.7%) reported the use of antihypertensive drugs. Of the 57 women reporting the use of antihypertensive drugs, only 15.8% presented SBP and DBP values within normal limits.

The profile of respondents stratified by BMI, WC, and hypertension are presented in Tables [1](#pone.0155528.t001){ref-type="table"} and [2](#pone.0155528.t002){ref-type="table"}. As age increased, BMI and WC increased significantly (p\<0.001) except for BMI in the age group 50--59 years. WC among women with lower educational level was 30% larger compared with those with ≥10 years of schooling.

10.1371/journal.pone.0155528.t002

###### Crude prevalence ratios of body mass index (BMI), waist circumference (WC), and hypertension as functions of demographic characteristics, socioeconomic status, lifestyle, and health status of indigenous women living in Dourados, MS, Brazil, 2013.

![](pone.0155528.t002){#pone.0155528.t002g}

  Characteristics             BMI (≥25 kg/m^2^)   WC (≥80 cm)   Hypertension                                        
  --------------------------- ------------------- ------------- ------------------- --------- --------------------- ---------
  **Village**                                     0.845                             0.221                           0.021
  Bororó                      1                                 1                             1                     
  Jaguapirú                   1.01 (0.95--1.06)                 0.97 (0.94--1.02)             0.75 (0.59--0.96)     
  **Ethnic group**                                0.958                             0.033                           \<0.001
  Guarani                     1                                 1                             1                     
  Terena                      1.00 (0.94--1.07)                 1.06 (1.00--1.13)             1.99 (1.33--2.98)     
  **Age (years)**                                 \<0.001                           \<0.001                         \<0.001
  20--29                      1                                 1                             1                     
  30--39                      1.13 (1.06--1.21)   \<0.001       1.14 (1.08--1.21)   \<0.001   1.97 (1.24--3.11)     \<0.001
  40--49                      1.15 (1.08--1.24)   \<0.001       1.16 (1.10--1.23)   \<0.001   3.70 (2.43--5.65)     \<0.001
  50--59                      1.06 (0.96--1.17)   0.223         1.13 (1.06--1.21)   \<0.001   4.82 (3.21--7.24)     \<0.001
  **Education (years)**                           0.276                             0.015                           \<0.001
  None                        1.14 (0.95--1.36)   0.163         1.30 (1.09--1.55)   \<0.001   12.78 (1.91--85.38)   \<0.001
  1--4                        1.15 (0.97--1.36)   0.099         1.27 (1.06--1.51)   \<0.001   5.99 (0.89--40.13)    0.065
  5--9                        1.10 (0.91--1.31)   0.325         1.21 (1.00--1.46)   0.039     2.40 (0.32--17.73)    0.391
  \>10                        1                                 1                             1                     
  **Socioeconomic status**                        0.365                             0.440                           \<0.001
  1^st^ tertile               1                                 1                             1                     
  2^nd^ tertile               1.05 (0.98--1.12)   0.173         1.01 (0.96--1.06)   0.711     0.77 (0.59--1.00)     0.046
  3^rd^ tertile               1.04 (0.97--1.11)   0.268         0.98 (0.93--1.03)   0.377     0.49 (0.35--0.68)     \<0.001
  **Alcohol consumption**                         0.895                             0.895                           0.325
  Yes                         1                                 1                             1                     
  No                          0.99 (0.92--1.08)                 1.00 (0.93--1.06)             1.19 (0.84--1.67)     
  **Smoking**                                     0.231                             0.579                           0.391
  Yes                         1                                 1                             1                     
  No                          0.95 (0.87--1.04)                 1.02 (0.96--1.08)             1.16 (0.83--1.62)     
  **BMI (kg/m**^**2**^**)**                                                         \<0.001                         0.061
  \<25                                                          1                             1                     
  25--29.9                                                      1.39 (1.29--1.49)   \<0.001   1.50 (1.06--2.13)     0.023
  \>30                                                          1.41 (1.31--1.51)   \<0.001   1.47 (1.02--2.11)     0.037
  **WC (cm)**                                     \<0.001                                                           \<0.001
  \<80                        1                                 1                             1                     
  80--87                      1.53 (1.40--1.68)   \<0.001                                     2.67 (1.39--5.13)     \<0.001
  ≥88                         1.80 (1.68--1.93)   \<0.001                                     3.25 (1.75--6.02)     \<0.001

95% CI = 95% confidence interval.

^a^Wald test.

PR = prevalence ratio.

Respondents with BMI ≥30 kg/m^2^ (obese) presented WC 1.41 times larger compared with those with BMI \<25 kg/m^2^. Respondents with BMI between 25 and 29 kg/m^2^ (overweight) presented WC 1.39 times larger compared with those with BMI \<25 kg/m^2^ (**[Table 2](#pone.0155528.t002){ref-type="table"}**).

Respondents with WC ≥88 cm (i.e., very high risk for cardiovascular disease) showed 1.80 times higher prevalence of overweight and obesity compared with those with WC \<80 cm, whereas those with WC of 80--87 cm (i.e., high risk for cardiovascular disease) showed 1.53 times higher prevalence of overweight and obesity compared with those with WC \<80 cm. When women with WC\> 80 cm were evaluated, indigenous women belonging to Terena ethnicity presented prevalence 6% higher.

With regard to hypertension, respondents from the village of Jaguapirú had 25% lower hypertension prevalence compared to those from the village of Bororó. Indigenous women belonging to the Terena ethnic group showed approximately two timers higher prevalence of hypertension compared with those belonging to the Guarani ethnic group. The increased prevalence of hypertension was proportional to the increase in age and inversely proportional to schooling. Respondents who had never attended school showed approximately 13 times higher prevalence of hypertension compared with those with ≥10 years of schooling.

As the socioeconomic status increased, the prevalence of hypertension decreased. Respondents whose socioeconomic status was in the 2^nd^ or 3^rd^ tertiles had 23% and 51% lower prevalence of hypertension, respectively, compared with those with lower socioeconomic status (1^st^ tertile).

Overweight or obese respondents showed approximately 50% higher hypertension prevalence compared with those with low or normal weight. Respondents with WC 80--87 cm and ≥88 cm were 2.67 and 3.25 times more likely of having higher prevalence of hypertension, respectively, compared with those with WC \<80 cm. The other variables showed no statistically significant differences ([Table 2](#pone.0155528.t002){ref-type="table"}).

**[Table 3](#pone.0155528.t003){ref-type="table"}**shows the results of the multivariate analysis. The prevalence of hypertension was proportional to the increase in WC (p = 0.032). Respondents with WC 80--87 cm and ≥88 cm were approximately 2 times more likely of having higher prevalence of hypertension compared with those with WC \<80 cm after adjusting for the place of residence (village), age, BMI, and education. BMI showed no statistically significant differences with hypertension in this study.

10.1371/journal.pone.0155528.t003

###### Prevalence ratios of hypertension as a function of body mass index (BMI) and waist circumference (WC) after adjustment for confounding factors among indigenous women living in Dourados, MS, Brazil, 2013.

![](pone.0155528.t003){#pone.0155528.t003g}

  Characteristics                                                       Hypertension        
  --------------------------------------------------------------------- ------------------- ---------
  **BMI (kg/m**^**2**^**)**[^**a**^](#t003fn002){ref-type="table-fn"}                       0.788
  \<25                                                                  1                   
  25--29.9                                                              0.93 (0.66--1.32)   0.693
  \>30                                                                  0.88 (0.59--1.30)   0.509
  **WC (cm)**[^**b**^](#t003fn003){ref-type="table-fn"}                                     0.032
  \<80                                                                  1                   
  80--87                                                                1.84 (1.05--3.23)   0.033
  ≥88                                                                   2.18 (1.21--3.91)   \<0.001

95% CI = 95% confidence interval.

^a^BMI: adjusted for age and WC.

^b^WC: adjusted for location (village), age, education, and BMI.

^c^Wald test; PR = prevalence ratio.

Discussion {#sec012}
==========

This study found high prevalence of hypertension (42.0%), overweight/obesity (74.1%) and WC ≥80 cm (83.7%).

The prevalence of hypertension among indigenous women from both indigenous villages of Dourados, MS (42.0%) evaluated was higher than the prevalence rates estimated for indigenous women (13.2%) \[[@pone.0155528.ref003]\] and non-indigenous women (24.0%) \[[@pone.0155528.ref002]\] both on a national scale and for the Midwestern region of Brazil (17.5%) \[[@pone.0155528.ref003]\]. In addition, these values were higher than those obtained for indigenous women in Mexico (6.8%) \[[@pone.0155528.ref020]\] but lower than those obtained for indigenous women in villages in India (50.5%) \[[@pone.0155528.ref021]\].

The high prevalence of hypertension reflects the transition process experienced by these ethnic groups, combined with the difficulty inherent in surviving in accordance with their traditions given their territorial confinement. The guarantee of land tenure for indigenous people ensures not only their subsistence but also their social and cultural continuity \[[@pone.0155528.ref022]\].

A survey conducted in the 1980s with Brazilian Indians who lived in isolated regions indicated the absence of hypertension \[[@pone.0155528.ref010]\]. This finding may be associated with their diet, which is based on the consumption of food products obtained from hunting, fishing, and agriculture, and the limited consumption of salt and processed foods.

One aspect that can contribute to the westernisation of the eating habits of indigenous populations of Dourados is the proximity of the reserve to the urban centre and the consumption of low-cost food products, with high contents of carbohydrates, lipids and calorie. Accordingly, indigenous populations living in more isolated areas are less likely of presenting diseases such as hypertension and obesity compared with those living in less isolated areas \[[@pone.0155528.ref013]\].

Ethnic differences in the prevalence of hypertension were found, being higher in Terena ethnicity. This may be due to the characteristics of body weight accumulation, changes in lifestyle that include physical activity and nutrition, genetic factors inherent to ethnicity and cultural changes experienced by these populations \[[@pone.0155528.ref023]\].

The prevalence of hypertension increases with advancing age in modernized populations. This association is primarily responsible for the increased incidence and prevalence of hypertension \[[@pone.0155528.ref019]\]. In the present study, a higher prevalence of hypertension was observed among older women; this result was similar to that observed for non-indigenous women in Brazil \[[@pone.0155528.ref024]\].

However, a study on Yanomámi Indians and with other isolated indigenous people from the state of Rondônia indicated no association between increased blood pressure and increasing age \[[@pone.0155528.ref010], [@pone.0155528.ref025]\]. Suruí Indians presented weak association between SBP and age \[[@pone.0155528.ref011]\]. The distinct results observed may be related to the different levels of assimilation of western culture experienced by these indigenous groups. It is noteworthy that cohort effects, i.e., changes in population exposure to risk factors over time can affect the prevalence of the disease.

The results of this study indicate that indigenous women with lower socioeconomic status and those with lower educational level have higher prevalence of hypertension. A previous study has reported that the prevalence rates of chronic diseases tended to be higher among individuals of lower socioeconomic status \[[@pone.0155528.ref026]\] and Suruí Indians showed higher prevalence of hypertension \[[@pone.0155528.ref011]\]. In this respect, individuals with lower educational level and lower socioeconomic status generally have poorer health status \[[@pone.0155528.ref027]\].

Although blood pressure levels are correlated among family members due to common genetic background \[[@pone.0155528.ref028]\] like those observed in study in the same region \[[@pone.0155528.ref012]\], this study found no significant association between family history and hypertension.

Among women with previous diagnosis of hypertension who reported the use of antihypertensive drugs, 84% had altered blood pressure levels. Women in this condition may represent the proportion of the population receiving inadequate antihypertensive treatment. Considering the fact that uncontrolled hypertension increases the vulnerability for the development of cardiovascular events, the findings of present study are important. Low and middle-income countries have high prevalence of individuals with uncontrolled hypertension compared to high-income countries \[[@pone.0155528.ref029]\].

BMI analysis indicated excess weight among 74.1% of indigenous women from villages of Dourados, MS. In this study, excess weight was higher than the average values observed for both non-indigenous women (47.4%) \[[@pone.0155528.ref024]\] and indigenous women in Brazil (45.9%) \[[@pone.0155528.ref003]\].

Previous studies on distinct indigenous communities in Brazil have reported high rates of overweight and obesity rates. However, the prevalence ratios reported in this study were higher than those previously reported. A study on BMI among Xingu Indians reported prevalence of excess weight of 58.5% in the age group 20--49 years and 47.6% in the age group older than 50 years among women \[[@pone.0155528.ref005]\]. Another study on the Suruí Indians reported that 42.3% of adults aged \<50 years were overweight and 18.2% were obese. However, the obesity rate among women was twice that among men \[[@pone.0155528.ref006]\].

Other studies on the nutritional status of the Brazilian population have shown a continuous increase in the prevalence of overweight. A national survey conducted in 2013 reported increases of 8.9% in overweight and 5.4% in obesity among women in 7 years \[[@pone.0155528.ref024]\].

This study found that the prevalence of overweight tended to increase with age until the age of 49 years; like a result similar to that observed in another study conducted in Brazil \[[@pone.0155528.ref024]\].

With regard to WC, the prevalence of excess abdominal adiposity (WC ≥80 cm) was 83.7%, higher in ethnicity Terena. Jannsen et al. \[[@pone.0155528.ref030]\] reported that the health risks related to excess body fat are mainly due to abdominal adiposity. Abdominal obesity was detected in 61.0% of female Suya Indians \[[@pone.0155528.ref031]\]. Similarly, among Xingu Indians, the prevalence of abdominal obesity was higher among women compared to men (76.4% vs. 22.6%) \[[@pone.0155528.ref006]\]. However, Stoddard et al. \[[@pone.0155528.ref032]\], found dissimilar results and suggest the presence of a protective factor against obesity and metabolic disorders in Mexican indigenous. These denote possible differences among ethnic groups and the need for further studies.

The excess abdominal adiposity observed in indigenous women was higher among those with lower educational level. Similarly, the rates observed among non-indigenous Brazilian women indicate a similar association between overweight and educational level \[[@pone.0155528.ref024]\].

Recent studies have emphasised the transition process that indigenous groups are experiencing, which contributes to a situation of dietary and nutritional vulnerability due to environmental and socioeconomic changes to which these groups are exposed \[[@pone.0155528.ref005],[@pone.0155528.ref033]\].

The changes in the health and nutritional status of indigenous groups seem to have initiated with their closer contact with western society, suggesting that this proximity has a negative effect on their lifestyle and favours the emergence of chronic diseases \[[@pone.0155528.ref006]--[@pone.0155528.ref025]\], like the results of this study that showed high prevalence of hypertension and adiposity.

The hypertension rate attributable to obesity is very high and has been estimated at 60.0% for women \[[@pone.0155528.ref034]\]. The present study found higher prevalence ratio for hypertension (1.84 and 2.18) for women with WC ≥ 80 cm and WC ≥ 88 cm, respectively, compared with women with normal WC.

The results presented here are in accordance with the information that fat accumulation in the abdominal region (visceral fat) results in increased risk of developing hypertension \[[@pone.0155528.ref035]\] and that WC, and not BMI, explains the obesity-related health risks \[[@pone.0155528.ref030]\].

Abdominal adiposity is also a strong predictor of certain comorbidities, including dyslipidaemia, metabolic syndrome, and cardiovascular diseases \[[@pone.0155528.ref007], [@pone.0155528.ref030], [@pone.0155528.ref035]\]. That is, high WC even in normal weight individuals leads to health risks \[[@pone.0155528.ref030], [@pone.0155528.ref036]\].

It is noteworthy that the cut-off points used in this study were not specific to indigenous populations and that, due to the cross-sectional nature of this study, it is not possible to establish a causal link. Moreover, it should be observed that the results of this study could not be extrapolated to all indigenous groups in Brazil due to the peculiarities of these groups.

Another negative point is that lifestyle risk factors such as physical activity, stress, diet and sodium, dietary fibre and fat intake were not assessed. In addition, only one visit was made to measure blood pressure. To minimize this problem, three measurements were performed and the average of the last two measures was used. Our results indicate high prevalence rates of overweight, obesity, and hypertension and an association between abdominal adiposity and hypertension among indigenous women from indigenous villages of Dourados, MS, but not BMI. However, a significant association between hypertension and total obesity was not detected when adjusting for confounding factors. Nonetheless, these results underscore the increased risks of developing metabolic syndrome, diabetes, dyslipidaemia, and other cardiovascular events in this population.

Therefore, increased efforts to implement appropriate strategies for the prevention and control of chronic diseases is essential, particularly hypertension and obesity/abdominal obesity, combined with the promotion of education to create awareness about hypertension and its control by the indigenous population of Dourados.
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